Increased expression of CD38 on CD8
ϩ T cells is associated with activation of the immune system, progression of HIV disease, and death in adults. The prognostic significance of these cells in HIV-infected children, where the picture is complicated by age-related differences in CD38 expression, remains controversial. Measuring the unimodal expression of CD38 on CD8 ϩ T cells in adults and children by flow cytometry is best accomplished by quantitating the antigen on the cell surface. To our knowledge, this technique has not previously been reported in a pediatric population. Vertically HIV-infected children were age matched for mild (n ϭ 26) and severe (n ϭ 23) clinical disease. Eleven age-matched HIV-negative controls were included for comparison. Quantitation of CD38 on CD8 ϩ T cells was performed at baseline and 1 y later. The ages of the children in the three clinical groups did not differ significantly (p ϭ 0.6004). HIV-infected children had significantly increased CD38 measurements in comparison with the HIV-negative controls (p ϭ 0.0131), and the severe disease group tended to have higher measurements than the mild disease group. Increased CD38 ϩ CD8 ϩ T cells were significant predictors of death within the first year (p ϭ 0.043). These findings support the view that increased CD38 expression on CD8 ϩ T cells has the same prognostic significance in pediatric as in adult HIV disease. 
Abbreviations
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؉ CD38 ؉ , percentage of CD8 ϩ T cells expressing CD38 CD8 ؉ (CD38 ؉ ), quantitation of CD38 on CD8 ϩ T cells ABC, antibodies bound per cell PE, phycoerythrin HAART, highly active antiretroviral therapy Elevated CD38 expression on CD8 ϩ T cells has been found to be a strong prognostic marker of disease progression to AIDS and death among HIV-infected male adults (1-3). In the pediatric setting, the situation appears unresolved. In infants and older children, increased CD8 ϩ T cells expressing CD38 (%CD8 ϩ CD38 ϩ ) have been documented to be positive predictors of survival in HIV infection (4 -6) but have also been associated with advancing disease (7) (8) (9) .
The immaturity of the immune system in childhood complicates assessment of the significance of CD38 expression in HIV-infected children. CD38, a glycoprotein expressed on early hemopoietic cells, is lost during cell maturation and re-expressed during cell activation (7, 10, 11) . Newborns express high levels of CD38 on their T cells that decrease with age (2, 8, 11) . CD38 in this patient population is therefore a marker of immaturity as well as of the immune activation that occurs in HIV infection (9) .
CD38 is ubiquitously expressed on lymphocytes in a unimodal distribution (9, 12) . Therefore, in HIV-uninfected or -infected patients, cells that express CD38 are difficult to clearly distinguish from those that do not ( Fig. 1) (12) . Quantitating the mean intensity of CD38 expression on CD8 ϩ T cells rather than just the proportion of positive cells (%CD8 ϩ CD38 ϩ ) is preferable and provides a better reflection of the continuous distribution of CD38 on CD8 ϩ T cells (2, 6, 13). ϩ T cells, defined as CD3 and CD8 co-expressing cells, were acquired from within the T-cell gate. CD38 measurements were performed on the CD8 ϩ T-cell population.
Because of the continuous spectrum of CD38 expression on CD8 ϩ T cells, %CD8 ϩ CD38 ϩ was measured by setting an arbitrary cut-off point for all cases. This cut-off point was predetermined using a PE-conjugated anti-mouse IgG1 isotypic control on CD8 ϩ T cells in 10 cases. The average of the mean channel number at which the signal became negative was 325 and was designated as the cut-off point.
The quantitation of CD38 expression on CD8 ϩ T cells [CD8 ϩ (CD38 ϩ )] was done using commercially available QuantiBRITE PE beads (BD Biosciences) to determine number of ABC as described previously (13) . The same PE voltage settings were used for the QuantiBRITE beads and the patient samples. The voltage was determined by placing the lowest and highest fluorescent peaks of the beads within the second and fourth logs of PE fluorescence to ensure linearity of the fluorescence intensity (17) . The linear regression curve obtained using the QuantiBRITE PE beads was used to convert the geometric mean of the logarithmic FL2 fluorescence of a cell population into the number of ABC.
Quality control measures for both flow cytometry instruments were performed as described elsewhere (15, 16). Both instruments participate in an external quality assurance program viz National External Quality Assurance Scheme.
The Quantiplex HIV RNA bDNA system (Chiron, Emeryville, CA, U.S.A.) was used to measure viral loads, which are reported in RNA copies per milliliter of plasma.
Data analysis. Because many of the variables were correlated with age, comparisons of groups were done using an analysis of covariance (ANCOVA), adjusting for age. Data were transformed where necessary, to obtain approximate normality of the residuals. However, as age did not differ significantly between the clinical groups, the nonparametric Kruskal-Wallis test was used to confirm results where there was skewness in the data that could not be corrected by transformation. Because results using the two tests were very similar, the p values reported in this paper are from the Kruskal-Wallis tests. Changes between baseline and y 1 were tested using a Wilcoxon matched pairs test. In view of the skewness of many of the variables, the correlations reported are Spearman rank correlations, and medians with minimum and maximum values are reported rather than means and SD. The Kruskal-Wallis test was used to test for differences between the three clinical groups. Where significant differences were found, the Wilcoxon-Mann-Whitney test determined which pairs differed significantly. Linear discriminant analysis was used to examine the predictiveness of various variables.
RESULTS
The ages of the children ranged from 4 mo to 11 y and did not differ significantly (p ϭ 0.6004) between the three clinical groups (Table 1 ). A total of seven patients, three with mild and four with severe clinical disease, had no follow-up CD38 measurements performed ( Table 2 ). Four of these seven patients were excluded from follow up when they became eligible for enrollment in an antiretroviral therapy trial. Three patients were lost to follow-up within the first year. Six patients, three with mild disease and three with severe disease, who had CD38 measurements at 1 y had no baseline measurements performed. Nine children, eight of whom were classified as having severe disease, died during the first year. The CD4 ϩ T-cell percentages, viral loads, and CD38 measurements were all significantly negatively correlated with age (Table 3) ϩ CD38 ϩ , respectively). The sample size was too small to definitively establish whether the correlation between the viral load and the CD38 measurements was related to age, however, a separate examination of older versus younger children indicated that the correlation was not the result of the joint correlation with age.
At baseline, HIV-infected children classified as having severe disease had significantly higher CD8 ϩ (CD38 ϩ ) and %CD8 ϩ CD38 ϩ than the HIV-uninfected children (Table 4) . Hb levels in HIV-infected children were significantly lower than in HIV-uninfected children. The children with clinically mild disease had higher CD4 ϩ T cell percentages (p Յ 0.0005) and lower viral loads (p ϭ 0.0034) and CD8 ϩ T-cell percentages (p Յ 0.0047) than those with severe disease. These findings, in conjunction with eight deaths occurring in the group with severe clinical disease and only one death in the mild clinical disease group ( Table 2 ), suggest that the clinical categorization used in this study was justifiable. Figure 1 illustrates the differences in CD38 expression on CD8 ϩ T cells measured in three children between 22 and 24 mo of age, representing the three different clinical categories.
Combining the severely and mildly affected patient groups, the HIV-infected group had higher CD8 ϩ (CD38 ϩ ) (p ϭ 0.0131) and %CD8 ϩ CD38 ϩ (p ϭ 0.0277) in comparison with the control group at baseline (Fig. 2) . The children with severe clinical disease had higher CD8 ϩ (CD38 ϩ ) (p ϭ 0.0514) and %CD8 ϩ CD38 ϩ than those with mild disease (p ϭ 0.1886) ( Table 4 and Fig. 2 ). The preferable method for measurement of CD38 expression on CD8 ϩ T cells viz the CD8 ϩ (CD38 ϩ ) approached statistical significance. As expected, the CD8 ϩ (CD38 ϩ ) and %CD8 ϩ CD38 ϩ were strongly positively correlated (r ϭ 0.9569 at baseline, 0.9853 at y 1, both p Ͻ 0.0005) (1).
Bottled CD38 PE, estimated to have an average of 79% of the intensity of purified CD38 PE that has a PE fluorochrome: MAb ratio of 1:1, was used in this study (13) . The values reported for CD38 ABC on CD8 ϩ T cells in this population of children are therefore likely to be underestimated.
The clinical category to which the children were assigned at baseline remained constant at the 1-y follow-up except for three children who progressed from the mild to the severe clinical disease group, one of whom died ( Table 2 ). The CD4 ϩ T-cell absolute numbers (p ϭ 0.0001) and percentages (p ϭ 0.0347) decreased over the 1-y follow-up period but the viral loads (p ϭ 0.8042) and CD8 ϩ (CD38 ϩ ) (p ϭ 0.6164) did not change significantly over that time. The %CD8 ϩ CD38 ϩ decreased significantly (p ϭ 0.0139) over the year with the decrease occurring in the group with mild disease (p ϭ 0.0218) but not the group with severe disease (p ϭ 0.4413). This may reflect the decrease in %CD8 ϩ
CD38
ϩ expected with age in the group of patients with mild, nonprogressive disease (Fig. 2) . Increased CD8 ϩ (CD38 ϩ ) was a stronger predictor of death than the viral load measurement, although less significant than the CD4 ϩ T cell percentage and Hb levels ( Table 5 ). Discriminant analysis confirms CD8 ϩ (CD38 ϩ ), CD4 ϩ Tcell percentage, and Hb level at baseline as statistically significant predictors of progression to death within the first year ( Table 6 ). The cut-off values obtained may be useful as a guide in clinical practice, however, the error rates should be taken into consideration.
DISCUSSION
Immune activation in HIV infection may differ in adults and children inasmuch as most children are infected perinatally and HIV is introduced into a naive and developing immune system (9) . Information regarding immune activation in HIV-infected adults can therefore not be extrapolated to the pediatric population. There is conflicting evidence regarding CD38 expression as a prognostic marker in HIV-infected children (4 -9). This evidence is based predominantly on measurements of %CD8 ϩ CD38 ϩ . The %CD8 ϩ CD38 ϩ and CD8 ϩ (CD38 ϩ ) measurements are highly correlated, but the latter is preferable because of the heterogeneous expression of CD38 on the cell surface (2, 6, 12, 13) . This study confirmed that CD38 expression on CD8 ϩ T cells is negatively correlated with age (2, 8, 11) and increased in HIV-infected children in comparison to HIV-uninfected age-matched controls (1, 4, 5, 8, 9) . These findings are consistent with CD38 being a marker of immaturity and immune activation. Total CD4 ϩ T-cell depletion and CD8 ϩ T-cell expansion occurred in HIV-infected children when compared with age-matched controls (8) .
It has previously been observed that HIV-infected children who were clinically symptomatic seemed to have brighter CD38 expression on CD8 ϩ T cells than those that were asymptomatic (8, 9) . This increased fluorescence suggests a greater density of CD38 on the CD8 ϩ T cells of children with more advanced HIV disease. Formal quantitation measurements suggest that CD38 expression on CD8 ϩ T cells is increased in severe compared with mild clinical disease. As is the situation in the adult HIV-infected population, increased CD38 expression on CD8
ϩ T cells in HIV-infected children appears to be associated with disease progression.
The significance of increased %CD8 ϩ CD38 ϩ is controversial as it has been associated with a favorable prognosis (4 -6) and with progression to AIDS in HIV-infected infants and older children (7, 9) . Quantitation of CD38 on CD8 ϩ T cells supports the latter view by demonstrating that increased CD8 ϩ (CD38 ϩ ) was a significant predictor of death in children. A positive correlation between CD38 expression on CD8 ϩ T cells and viral load has been documented in HIV-infected adults (1). The same correlation was suggested in children by this study. An opposing view in perinatally infected children who had survived for more than 5 y is that an inverse correlation between viral load and %CD8 ϩ CD38 ϩ existed (5). These children were, however, all receiving antiretroviral therapy at the time of the study, which may have influenced the results. Further evidence to support the findings documented Patients who survived the 1-y follow-up period are divided into those that were correctly predicted to have survived and those that were incorrectly predicted to have died by the variables listed. Patients who died within the first year are similarly divided. The cut-off point for the discriminant analysis for each variable is given, indicating that children with lower levels would be predicted to die, e.g. using the cut-off value of 19 262 ABC for CD8 ϩ [CD38 ϩ ] in practice means that 4 of the 9 children who died were predicted to survive and 9 of the 27 that survived were predicted to die, giving a misclassification rate of 36.1%. The error rate for %CD4 ϩ T cells was 27.8% where a cut-off of 12.66% CD4 ϩ T cells incorrectly predicts that 2 children who died would survive and 8 children who survived would die. If a prediction of whether an HIV-infected child would be alive or dead within 1 y were to be made using a hemoglobin of Ͼ or Ͻ10.19 g/dL, respectively, 72.2% of the outcomes would be correctly predicted.
* Correctly predicted; † incorrectly predicted.
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here is that children who fail to respond to HAART and maintain high viral loads also maintain high %CD8 ϩ CD38 ϩ , whereas those who have a good virological response to HAART have decreased %CD8 ϩ CD38 ϩ (10). This situation in response to HAART has also been documented in HIVinfected adults (2) . CD8 ϩ (CD38 ϩ ) is a stronger predictor of progression to death in HIV-infected children than viral load. However, the %CD4 ϩ T cells and Hb levels were the best predictors of progression to death in these children and are easier and less expensive to perform than CD38 quantitation. In the adult situation, CD38 on CD8 ϩ T cells was a stronger predictor of outcome than the percentage or absolute number of CD4 ϩ T cells (2) . A tentative classification for using specific reference ranges of CD8 ϩ (CD38 ϩ ) to predict the risk of disease progression to AIDS has been proposed for use in adults (2) . In children, where age is negatively correlated with CD38 on CD8 ϩ T cells, establishing such reference ranges would require a larger study to enable age-specific values to be related to the risk of disease progression. Age-specific ranges for CD8 ϩ (CD38 ϩ ) may strengthen the prognostic value of this marker in children with regard to CD4 ϩ T cells thus concurring with the situation seen in adults (2) .
Increased CD38 expression on CD8 ϩ T cells in HIV infection is associated with high viral loads, disease progression, and death in adults. The findings of this study would suggest that the same is true in pediatric HIV disease. The utility of CD8 ϩ (CD38 ϩ ) as a prognostic marker in HIV-infected children in clinical practice is complicated by the variation of this marker with age.
